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Foreword 


This  report  was  prepared  by  the  Packaging  Branch,  Materials 
Laboratory  under  RDO  No.  6l6-ll(Ae),  "Performance  Evaluation  of  Cushion- 
ing Materials,"  Lt.  R.  B.  Orensteen  acting  as  project  engineer.  This 
report  discusses  the  design  of  reclaimed  latex  foam  cushioning,  in  much 
the  same  way  that  the  second  of  this  series  of  reports,  WADC  Technical 
Report  53"66,  "A  Technique  for  the  Design  of  Glass  Fiber  Package  Cushion- 
ing," dis!  ussed  glasc  fiber  cushioning.  WALC  Technical  Report 
The  Selection  of  Cushion  Area  in  the  Design  of  Package  Cushioning,"  was 
the  first  of  the  series  of  reports  on  Package  Cushioning. 
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Abstract 


A msthod  of  daalgnlng  raolalmd  lataoc  fMM  cushioning  from  static 
data  is  prasantsd*  Design  curves  are  provided  for  selecting  density, 
thickness,  and  cusyiion  area  for  oeonondcal  cushion  design*  Recomaended 
procedures  are  discussed  for  designing  to  optiinum  density,  stress,  and 
ratio/stress  energy  in  a given  situation* 


P’JBLICATION  RSVIEW 


This  report  has  been  reviewed  and  is  approved* 
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Introduction 


The  dOGign  technique  for  reclaimed  latex  foam  package  cushioning  is 
sindlar  to  that  of  glass  fiber  as  discussed  in  the  previous  report  of  this 
series.  A wide  range  of  cushioning  properties  can  be  achieved  by  c...ang- 
ing  the  density,  bonding  material,  etc.  This  report  will  consider  density 
of  material  as  a parameter  in  package  cushion  design.  A method  will  be  pre- 
sented for  choosing  the  density  of  material  simultaneous  with  the  selection 
of  cushion  area  and  thickness.  The  relationship  between  the  package  cushion 
design  and  cushion  volume,  cushion  weight,  and  container  cubage  will  be  con- 
sidered. In  this  manner  a technique  is  provided  for  achieving  the  optimum 
cushion  design  criteria  which  will  result  in  the  most  economical  packaging. 
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The  Selection  of  Density  and  Thickness 


In  %ADC  Technical  Beport  33"^3t  shown  that  thickness  and  area  of 

cushioning  can  be  deteradned  from  the  following  t 

t - hf 

5ef  (1) 

where  t w thickness  of  cushioning 
h ■ height  of  drop 
G » fragility  factor  in  g's 
f s stress 

ef  ■ stored  energy  per  unit  volume  of  cushioning  whan  stressed  by  f 
and 

f - IQ  (2) 


where  A « area  of  cushioning  (assumed  flat) 

W - weight  of  item 

When  the  height  of  drop  and  the  fragility  factor  are  given,  the  thickness 
required  becoaea  proportional  to  the  ratio  f/ef*  In  plotting  this  ratio 
against  stress  f for  a tTpical  cushioning  material,  it  was  evident  that  there 
existed  a stress  for  which  f/ef  was  a mini  mum.  Consequently,  a minimam  thick- 
ness of  cushioning  was  possible,  provided  that  the  cushion  area  was  selected 
so  the  stress  corresponded  to  the  mlniiiiuB  ratio  value*  Sometimes  the  proce- 
dure of  adjusting  the  stress  by  changing  the  item-cushion  contact  area  is 
advisable^  sometimes  not*  The  reader  is  referred  to  WADC  Technical  Report 
53“^3  ^he  criteria  for  changing  cushion  area  to  achieve  minimum  ratio 
values* 

Figure  1 illustrates  the  variation  in  stress-strain  curves  which  can  be 
obtained  with  different  densities  of  reclaimed  latex  foam  cushionli^*  A 
ratio  stress/energy  curve  can  be  derived  for  each  of  these  stress-strain 
curves  (WADC  TR  53”U5 ) • ^ family  of  ratio  curves  for  reclaimed  latex  foam 
cushioning  is  shown  in  Figure  2* 

The  points  on  the  curves  of  Figure  2 which  are  of  most  inttjreet  are  those 
which  are  least  possible  ratio  values  for  any  given  stress*  For  exaa?)!©, 
assume  a stress  of  10  Ib/sq.  in.  The  least  possfble  ratio  value,  for  the 
individual  curves  shown,  is  about  5*1  and  is  on  the  II4.I4  Ib/cu.ft,  density 
curve  a ^ point  on  any  other  density  curve  for  this  stress  would  give  a higher 
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ratio  atross/energy.  It  has  previously  been  pointed  out  that  thickness  is 
proportional  to  ths  ratio  stress/energy.  When  one  can  choose  the  density^ 
higher  ratio  values  than  5.1  for  the  given  stress  are  of  only  incidental 
interest.  If  the  choice  of  density  is  not  open,  the  problem  is  entirely 
different,  and  should  be  treated  as  in  WADC  Technical  Report  53-43. 

Notice  that  the  least  ratio  value  which  was  just  determined  for  a 
10  Ib/sq.  in.  stress  is  not  the  ministum  ratio  point  of  the  density  curve  on 
which  it  lies.  Nevertheless,  5«1  is  the  least  possible  ratio  value  among 
all  of  those  plotted  for  the  given  stress.  Whereas  the  minimum  points  of 
the  individual  curves  were  of  much  concern  when  discussing  a particular 
material  or  density  of  material,  they  are  now  apparently  only  of  secondary 
importance* 

The  line  of  least  possible  ratio  values,  called  an  envelope  line,  is 
tangent  to  the  family  of  curves  in  Figure  2*  A line  passing  tlirough  the 
minimum  points  of  the  individual  curves  is  clearly  not  a line  of  least 
possible  ratio  values.  Consider  where  the  envelope  line  of  the  family  of 
curves  is  upward  or  downward.  There  will  always  be  a ratio  value  on  a 
lower  or  higher  density  curve  i^ch  is  more  desirable  than  the  minimum  point 
of  any  curve  one  might  choose.  This  more  desirable  point  nay  not  be  the 
minimum  point  of  its  curve  either;  yet  the  ratio  stress/energy  can  be  smallsr 
for  this  point  than  for  the  minimum  point  of  semis  other  curve.  The  limit  of 
the  least  possible  ratio  values  as  the  number  of  curves  is  Increased  to  a very 
large  number  is  the  envelope  line  shown  in  Figure  2.  Any  other  ratio  stress/ 
energy  curve  one  might  plot  from  the  stress-strain  curves  for  reclaimed  latex 
foam  cushioning  would  presumably  be  tangent  to  this  line  also.  However,  certain 
of  the  curves  in  Figure  2 are  not  tangent  to  the  envelope  line.  This  perhaps 
can  be  attributed  to  a variation  other  than  density  in  some  samples  of  material* 

In  the  design  of  reclaimed  latex  foam  cushioning,  the  envelope  line  of 
Figure  2 is  very  useful.  Given  the  stress,  one  can  choose  the  least  of  all 
possible  ratio  stress/energy  values  from  the  envelope  line.  The  thickness 
can  be  calculated  by  substituting  this  ratio  value  in  equation  (l).  The 
individual  density  curve  which  is  tangent  to  the  envelope  line  at  the  given 
stress  would  give  the  density  required. 

Rather  than  complicating  Figure  2 by  adding  more  individual  ratio  stress/ 
energy  curves,  a different  approach  will  be  taken.  Two  design  curves.  Figures 
3 and  4,  will  be  used  in  place  of  the  envelope  line.  The  relationship  between 
density  and  stress  for  points  on  the  envelope  line  is  more  clearly  shown  in 
Figure  3.  Th©  stress  values  corresponding  to  the  tangent  pxsints  have  been 
pl:tted  against  the  densities  of  the  materials  whose  curves  are  tangent  at  these 
points.  A smooth  curve  has  been  drawn  through  these  points.  Thus  it  will  be 
possible  to  estimate  the  density  required  for  points  on  the  envelope  line  where 
no  individual  curve  for  a density  is  shown.  A cui^re  showing  least  possible  ratio 
values  plotted  against  density  is  shown  in  Figure  4. 
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The  deeign  procedure  using  Flgurae  5 ^ is  simple*  Froa  Figure  3 

can  select  the  density  of  naterisl  idxleh,  anong  all  others,  will  require 
the  least  thickness  of  cushioning  for  the  glren  stress  (the  CTUhios  area 
being  assvuaed  as  that  of  the  Itea  side  Itself)*  Once  the  density  Is  chosen, 
the  thickness  is  easily  deterelned  froa  Figure  U*  The  least  ratio  f/ef  is 
read  froa  the  curve  of  Figure  U and  substituted  In  equation  (1)  to  deteralna 
thickness* 

BaugJ.et 

assuae  an  itea  eith  fragility  factor  of  20  g^s,  weight  of  ^ lb.,  and 
area  of  side  sq*  in*  l^e  stress  froa  equation  (2)  is 

^ X 20  « 20  lb/sq*in«.  (5) 

55Tq.  in* 

3 the  density  corresponding  to  this  stress  is  about  19  lb/cu*ft* 
U the  ratio  f/ef  for  this  density  is  The  thickxiess  of 

substituting  in  equation  (1)  and  assasdng  a 30  in*  dz^p* 

t “ 30  in*  X 5*1*  • itl  in* 

26 

Warning  - The  above  pirocedure  cannot  be  reversed*  Given  a density  of 
aateri^,  a ratio  value  can  be  deteralned  froa  Figure  4*  But  thicknesa  of 
cushioning  can  only  be  calculated  froa  thia  ratio  value  in  the  event  that 
the  stress  happens,  or  is  altered  by  an  area  change,  to  correspond  to  this 
point*  The  procedure  would  be  to  deteraine  the  ratio  value  froa  the  is> 
dividual  curve  for  that  density  of  aaterial*  Then  the  procedure  with  regard 
to  area  selection  can  be  followed  as  outlined  in  ULTC  Technical  Beport 


Froa  Figure 
Frea  Figure 
cushioning. 


The  Select ion. of  Cushion  Area 

To  this  point  it  has  been  assuaed  that  the  density  and  thickness  only  are 
selected*  The  cushloa  area  has  been  given  as  equal  to  the  flat  area  of  the 
item  itaelf  on  the  aide  in  question* 

The  envelope  line  of  Figure  2 shows  the  relationship  between  stress  and 
ratio  stress/energy  when  designing  for  ainjaum  thickness*  As  the  stress  and 
density  increase,  the  ratio  values  decrease  to  a point  and  then  Increase*  SizK:e 
the  fragility  G is  assuaed  given,  the  only  aethod  of  changing  the  stress  in 
eqxiation  (2)  is  by  changing  the  area  of  contact  between  the  item  and  cushion* 

To  Increase  stress,  reduce  area}  to  reduce  stress,  increase  area*  By  changing 
the  area  of  reclaiaed  latex  foam  cushioning,  one  can  obtain  various  ratio  values* 
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The  shape  of  the  envelope  line  for  reclaimed  latex  foam  is  similar  to 
that  of  an  individual  curve.  Therefore,  the  procedures  for  cushion  area 
selection  for  an  individual  density  of  material  should  also  apply  when 
density  is  a parameter.  This  conoluaion  is  valid  only  if  the  density  is 
chosen  properly.  When  the  cushion  area  Is  varied,  the  stress  is  changed 
correspondingly.  The  density  should  be  chosen  using  the  new  stress  value. 

In  other  words,  when  cushion  area  is  changed,  density  must  be  changed  too. 

The  atniwan  ratio  value  of  the  envelope  line  will  be  called  Js-e  so  as 
not  to  confuse  it  with  Js  which  is  the  minimum  ratio  value  or  an  indlvid\iai 
curve.  The  stress  corresponding  to  Ja-^  is  called  B»-e.  For  the  reclaimed 
latoX  foam  with  strs5s=strsin  curves  as  in  Figure  1,  Js-e  is  4;.?  and  Be— e is 
5 Ib/aq.  in.  The  corresponding  density  is  about  12  Ib/cu.ft,  Thus,  using 
a 12  Ib/eu.ft.  material  with  a cushion  area  such  that  the  stress  is  5 Ib/sq.in., 
a minimum  of  cushion  thickness  will  be  required.  However,  minlmun  cushion 
thickness  In  not  always  desirable  from  an  econcadc  standpoint.  There  may  be 
Instances  idien  the  price  of  minimum  thickness  is  too  high  in  terms  of  cushion 
volume  and/or  container  cubage.  The  following  discussion  will  provide  criteria 
for  using  Js-e  and  Bs-e  In  reclaimed  latex  foam  package  cxishionlng  design. 

In  order  to  determine  the  optixoim  combination  of  cushion  area,  thickness, 
and  density  in  any  given  situation,  one  must  consider  how  these  factors  affect 
cushion  volume,  cushion  weight,  and  container  cubage. 

To  start  with,  assume  that  the  cushion  area  is  the  same  as  the  area  of 
the  item  side  in  question.  The  stress  is  determined  from  equation  (2).  The 
results  from  changing  the  cushion  area  depend  on  where  this  stress  is  in 
relation  to  Bs-e.  Assuming  that  the  calculated  stress  is  less  than  Bs-e, 
how  is  cushion  volume  and  weight  affected  if  the  area  is  altered?  Figure  5 
shows  what  hapoens  to  cushion  volume  and  weight  as  the  stress  is  changed. 

It  is  evident  that  there  would  be  no  argument  for  increasing  area  and  redii^ 

Ing  stress  when  f is  less  than  Ba-e.  Reduced  stress  means  higher  ratio 
stress/energy  and  thus  greater  cushion  thickness.  It  also  means  greater 
cushion  volinse  and  weight  in  addition  to  increased  container  cubage. 

When  f is  leas  than  Bs-e,  there  would  be  considerable  benefit  in  reducing 
cushion  area  thereby  increasing  stress  to  Bs-e,  By  increasing  the  stress,  the 
thickness  requirement  would  be  less  as  a consequence  of  the  reduced  ratio  value. 
Cushion  voliane,  cushion  weight,  and  container  cubage  would  be  reduced.  If  the 
stress  is  Increased  beyond  Ba-e,  however,  cushion  thickness  will  be  increased 
even  though  cushion  voluSia  will  continue  to  be  reduced.  The  disadvantage  of 
increased  cushion  thickness  is  at  once  aoporent  — increased  container  cubage. 

The  reduced  cushion  area  generally  contributes  no  savings  in  container  cubage  when 
this  area  is  less  than  the  item  side  in  question.  Whether  to  increase  the  stress 
beyond  Ba— e is  therefore  a problem  of  economics  — will  the  cost  of  the  Incireased 
cubage  be  balanced  by  the  savings  of  reduced  cushion  volume? 
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If  the  stress  is  greater  than  Bs-o,  there  would  be  little  advantage 
in  reducing  stress  to  Bs-e.  The  container  cubage  would  increase  when  the 
stress  is  reduced  by  increasing  cushion  area.  The  cushion  area,  now  over- 
lapping the  item  side,  has  a multiple  increas5j:ig  effect.  The  centainer 
cubage  is  increased  on  all  sides.  Cushion  volume  and  cushion  weight  would 
increase  as  well.  Cushion  thickness  has  been  reduced,  but  if  this  has  not 
been  reflected  in  reduced  cubage,  cushion  weight,  or  cushion  volume,  then 
it  is  of  little  consequence. 

If  the  stress  is  equal  to  Bs-e,  an  increase  in  stress  might  be  benefi- 
cial if  the  cost  of  increased  container  cubage  would  be  balanced  by  the 
savings  in  cushioning  volume. 

Table  1 summarizes  the  recommended  procedures  in  cushion  area  selection 
for  economic  design. 

Example ; 

VI  = 30  lb. 

k = area  of  item  side  = 300  sq.  in. 

0 « 15  g»s 

f e WG  « 30  lb.  X 15  * 1*5  Ib/sq.  in. 

300  sq.  in. 

The  density  as  determined  from  Figure  6 is  g Ib/cu.  ft.  and  the  ratio  stress/ 
energy  from  Figure  5 is  3*3 • ThQ  thickness  is  calculated  from  equation  (1) 
as  follows,  assuming  a 30  in.  drop. 

t «=  30  in.  X b»5  ■ 10.6  in. 

15 

Since  stress  f is  1.5  Ib/sqiin.  and  less  than  Bs-e,  5 Ib/sq.in.,  there  should 
be  considerable  advantage  in  adjusting  the  area  to  Bs-e.  The  area  for  optimum 
design  vrould  have  to  be  found  from  equation  (2). 

A » 30  lb.  X 15  = 90  sq.in. 

5 

The  density  at  Bs-e  is  12  Ib/cu.ft.  The  thickness  woiild  be 
t = 3Q  in,  X U.7  = 9*4  in. 

15 
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The  following  table 
in  this  eocaggple: 

sussnarizaa  scana  of 

the  benefits  of  area  adjustment 

Density 

Cuahion  Voluae 

Cushion  Weight 

& Ib/cu.ft. 

14.2  lb. 

12  Ib/cn.ft. 

• 3 CUaft* 

6.0  lb* 

Voluiae  reduction 
Weight  raductiem 

1.3  ctt.ft. 

8.2  lb. 

% Vnluae  reduction 
% Weight  reduction 

7256 

A savlnga  in  cushion  vaight  of  3^  raanlted  from  a raductlon  in  cuahion  area 
froa  300  sq*  in.  to  90  sq.  in.,  idtii  a corrasponding  adjustaiant  in  eushiOQ 
density  and  thickness.  This  is  in  addition  to  savings  in  container  cnbaga. 
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Sussnary 


BeolaJjaed  latex  foam  ctxshlonlng  exhibits  a adnimum  static  ratio  stress/ 
enargj  xalvo.  Consequently  there  is  a particular  density  and  stress  which 
will  provide  a odninm  thieknesa  of  cushioning.  From  economic  point  of 
vleVf  ainimum  thickness  is  not  always  a desirable  objective.  Often  mlnlmm 
thickness  can  be  achieved  only  at  the  expense  of  increased  cushion  volume, 
cushion  weight,  or  container  cubage.  RecosBended  procedures  have  been  dis- 
cussed for  the  proper  choice  of  density,  area,  and  thickness  for  econosiical 
latex  foam  package  cushioning. 

lbs  reader  is  cautioned  in  the  use  of  the  data  in  this  report.  The 
procedures  outlined  >fiU  give  only  an  approximation  to  the  correct  design. 

Ibeae  approxiaations  should  be  verified,  when  practicable,  by  test  or  service 
experience. 

The  fact  that  reclaimed  latex  foam  has  damping  q^^alities  might  very  well 
influence  the  extent  to  idiich  static  data  can  be  used  to  determine  requirements 
imder  dynamic  conditions.  But  experience  has  shown  that  for  reclaimed  latex 
foam  this  damping  factor  introduces  a loargin  of  safety  when  designing  f^m 
static  data.  Ibis  margin  of  safe‘s  is  then  available  to  compensate  for  errors 
introduced  by  various  assumptions.  For  example,  the  thickness  formula  is  an 
approximation  and  assumes  that  the  fragility  factor  is  very  much  greater  than 
one  and  that  the  cushion  displacement  is  small  in  relation  to  drop  height. 

Also,  the  data  are  derived  from  materials  from  only  two  manufacturers,  and  a 
difference  in  fabrication  technique  or  bonding  material  might  change  the  stresi^ 
strain  relationships.  Furthermore,  assumptions  about  fragility  factors  and 
drop  heights  are  usually  subject  to  considerable  approximation. 

Regardless  of  the  matarial,  whore  strese-etrain  information  is  available, 
the  design  approach  used  in  this  report  might  considered  for  economical 
package  cushion  design. 
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£ < Bs-* 
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Baducd  cushioning  srss  so  that  stress  f 
equals  Bs-e«  Only  increase  t beyond  this  point 
if  the  additional  cost  of  container  cubage  is 
coo|>ensated  by  the  sarlngs  in  cushion  Toltiae* 
This  procediire  irill  require  a coiresponding 
selection  of  density* 


Do  not  increase  cvishion  area  unless  stress 
f is  "near"  bottoning.  If  near  bottoaing  either 
reduce  f or  select  another  material.  Only  r»> 
dttce  cushion  area  if  the  additional  cost  of  con- 
tainer cubage  is  cospensated  by  the  savings  in 
cushion  voluBe. 


Do  not  increase  c\ishion  area  to  reduce 
stress  f.  Only  increase  cushion  area  if  the 
additional  cost  of  container  cubage  is  coapen- 
sated  by  the  savings  in  cushion  volume. 


RBCOMMaiDSD  FBOC£DUR£S  Di  IHS  DESIGN  OF 
RBGIATMKD  UTEI  FCMLM  FICKJLOS  CUSHIONING 
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RATIO  STRE$«/ENCR9Y  Vt  STRESS 
RECLAIMED  LATEX  FOAM  CUSNI0ISN6 
FI«hc«  2 


RATIO,  STRESS/  ERER3Y 


2 ^ « S 10  12  14  i«  It  to  22 


OCNSITY-lks/en.ft. 

RATIO  STRESS /ENERtY  V9  DENSITY 
RECLAIMED  LATEX  ROAM  CUSHIONINO 
Eiyurt  4 
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VOLUME  AND  WEI9HT  OF  CUSHIONINO  V9  STRESS 
RECLAIMED  LATEX  FOAM  CUSHIONINe 
figure  6 
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